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(54) Method and cooler for cooling particulate material 



(57) A cooler for cooling particulate material which 
has been heat-treated in an industrial kiln, such as a 
rotary kiln (3) for manufacturing cement clinker; the cool- 
er comprising an inlet (5), an outlet (7), end walls, side 
walls, a bottom and a ceiling; at least one stationary sup- 
porting surface (11 ) for receiving and supporting the ma- 
terial which is to be cooled; means (13,15) for injecting 
cooling gas into the material at a plurality of positions 



along the supporting surface; and at least one separate 
mechanical conveying device (41) for conveying the 
material alonglhe supporting surface, characterised in 
that the conveying device is a reciprocating scraping 
system which comprises a numberof scraping elements 
(43) extending transversely to the direction of move- 
ment of the material, which elements are moved to and 
fro in the direction of movement of the material. 
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Description 

The present invention relates to a cooler for cooling 
particulate material which has been heat-treated in an 
industrial kiln, such as a rotary kiln for manufacturing 5 
cement clinker, wherein the material is continuously 
supplied to and through the inlet of a cooler, which fur- 
ther comprises an outlet, end walls, side walls, a bottom 
and a ceiling. 

Coolers of the above-mentioned kind are known for 10 
example from the EP-A-1 67,658 and EP-A-337,383 and 
DE-A-3734043. A common characteristic of these cool- 
ers is that they have a cooler grate surface for receiving 
and cooling the material which has been heat-treated in 
the rotary kiln, the grate surface being constructed of i$ 
overlapping, alternately stationary and movable rows of 
g ra te elements, thereby causing the material to move 
across the grate surface. Each grate element is provid- 
ed with through-going cooling gas channels for injection 
of cooling gas into the material from an underlying 
chamber. In some cases, the grate elements are provid- 
ed with cooling gas from separate chambers, whereas, 
in other cases, the grate elements are divided into 
groups which are supplied with cooling gas from a com- 
mon chamber. 

As will appear from the above, the grate surface in 
the known coolers serves three purposes, viz. to support 
the material, to distribute the cooling gas across the ma- 
teria! bed and to convey the material through the cooler. 
The fact that the grate surface thus has three functions 
to perform makes it necessary to accept a compromise 
with regard to the efficiency of each function. 

The known coolers also have the disadvantage 
that, in practice, it is difficult to achieve an even distri- 
bution of the cooling gas across the entire grate surface, 
and hence a good heat exchange between material and 
cooling gas, since the cooling gas will not cnly pass 
through the cooling gas channels provided for this pur- 
pose but also through the gaps inevitably present be- 
tween the overlapping rows of stationary and movable 
grate elements. Also, the wear sustained on the grate 
elements due to the relative movement between the el- 
ements will be relatively large. A further disadvantage, 
relating to the fact that the cooling surface has movable 
grate elements which are supplied with cooling gas in- 
dividually or in groups from an underlying chamber, is 
that the connecting ducts for cooling gas to these cham- 
bers are exposed to a relatively large mechanical wear, 
which may result in leaks, and hence a pressure loss. 

It is the object of the present invention to provide a 
method and a cooler for cooling particulate material by 
which the aforementioned disadvantages are obviated. 

GB-A-2025588 discloses a cooler for cooling par- 
ticulate material which has been heat-treated in an in- 
dustrial kiln, such as a rotary kiln for manufacturing ce- 
ment clinker; the cooler comprising an inlet, an outlet, 
end walls, side walls, a bottom and a ceiling; at least 
one stationary supporting surface for receiving and sup- 



porting the material which is to be cooled; means for in- 
jecting cooling gas into the material at a plurality of po- 
sitions along the supporting surface: and at least one 
separate mechanical conveying device for conveying 
the material along the supporting surface and, accord- 
ing to the present invention, such a cooler is character- 
ized in that the or at least one of the stationary support- 
ing surface(s) consists of a tray having the form of a rec- 
tangular box with bottom, side walls and end walls, the 
tray being arranged tocontain, during operation, a quan- 
tity of the particulate material which is to be cooled; and 
in that the gas injection means, such as tubes with pref- 
erably downwardly facing holes, are fitted within the tray. 

With this construction, it is possible to split the three 
previously mentioned functions of the cooler, viz. to sup- 
port the material, to distribute the cooling gas across the 
material bed and to convey the material forward across 
the supporting surface, into functions which are inde- 
pendent of one another. Since the entire supporting sur- 
face for the material is stationary, undesirable passage 
of false air through this surface can be avoided. Also, 
the wear on the supporting surface will be limited to that 
induced by the movement of the material across the sur- 
face. The fact that the entire supporting surface is sta- 
tionary further has the advantage that less stringent re- 
quirements apply with respect to the connecting ducts 
for cooling gas to the supporting surface. Since : accord- 
ing to the invention, the cooler is provided with a multi- 
tude of means for injecting the cooling gas, it is possible 
to control the air distribution across the supporting sur- 
face, and hence the cooling of the material bed, for op- 
timum heat exchange between material and cooling 
gas. 

In that, according to the invention, the cooler com- 
prises a separate, mechanical conveying device, the 
movement of the material across the supporting surface 
can be controlled in a simple manner and it is further 
possible through the location of the device to determine 
which part of the material bed is to be moved, which 
again makes it possible to reduce the wear on the sup- 
porting surface. 

The cooler may be designed so that it comprises 
two trays, one of which is located under the other in such 
a way that the material which leaves the upper tray falls 
down on the underlying tray for further treatment there- 
on, and so that the material is conveyed forward across 
both trays by one and the same conveying device. 

The conveying device may be a chain conveyor be- 
ing directly supported on the supporting surface, a chain 
conveyor being supported on rails fitted at a distance 
above the supporting surface, a reciprocating scraping 
system comprising a number of scraping elements ex- 
tending transversely to the direction of movement of the 
material and being moved to and fro in the direction of 
movement of the material, a number of screw conveyors 
extending in the direction of movement of the material, 
or similar devices. 

In a special embodiment of the cooler according to 
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the invention, the cooler is divided into a first and second 
parts by means of a damming wall which is suspended 
Irom the cooler ceiling and extends transversely to the 
direction of movement of the material, thereby ensuring 
that the material bed is thickest in the first part of the 
cooler as a means of increasing the counterflow-cooling 
effect in this part of the cooler. 

The most effective heat exchange is achieved by a 
direct counter-current heat exchange between material 
and cooling gas and in order to ensure effective cooling 
of the material immediately upon its entry into the cooler, 
it is advantageous that the material upon its entry into 
the cooler and before being distributed on the first, sta- 
tionary supporting surface, falls down on an inclined, 
stationary surface and forms a material column thereon, 
that cooling gas is blown up through the material col- 
umn, and that the material closest to the inclined surface 
is conveyed towards its lower end partly by the action 
of gravity and partly by means of the conveying device 
which is installed at the subsequent supporting surface. 

Thus as an additional feature, the cooler may com- 
prise an additional, substantially inclined grate surface 
which is located immediately at the inlet of the cooler 
and without any appertaining conveying device, and 
constructed of a number of grate plates each of which 
is provided with openings, such as through-going slots 
or holes, for injection of cooling gas through the material 
from an underlying chamber in order to provide a certain 
pre-cooling of the material. 

As yet another feature of the cooler according to the 
invention, the cooler may comprise at least two support- 
ing surfaces in series, each being provided with means 
for injection of cooling gas and a conveying device. 

To improve the cooling efficiency of the cooler, a 
crushing machine, such as a roller crusher may be in- 
stalled between two of the supporting surfaces. 

In order to protect the conveying device from hot 
clinker from the kiln, there may be provided means for 
transporting some of the cooled material back to the 
cooler inlet to protect the conveying device from hot 
clinker from the kiln. 

In the accompanying drawings: 

Fig. 1 shows a longitudinal section of a first embod- 
iment of a cooler where the conveying device is a 
chain conveyor lying true against a supporting sur- 
face; 

Fig. 2 shows a sectional view of a grate element 
which may be used for forming a supporting sur- 
face; 

Fig. 3 shows a second embodiment of cooler where 
the conveying device is a chain conveyor which is 
elevated in relation to the supporting surface; 
Fig. 4 shows a third embodiment of the cooler where 
the conveying device consists of a scraping system; 
Fig. 5 shows a fourth embodiment of the cooler 
where the conveying device consists of a number 
of screw conveyors; 



Fig. 6 shows a fifth embodiment of the cooler where 
the cooler is divided into two parts by means of a 
wall which is suspended from the ceiling of the cool- 
er; 

5 Fig. 7 shows a sixth embodiment of the cooler com- 

prising an inclined grate surface at its inlet; 
Fig. 8 shows a seventh embodiment of the cooler 
comprising an inclined grate surface at its inlet, two 
series-connected grate surfaces separately provid- 

10 ed with a conveying device and, between the grate 
surfaces, a roller crusher; and, 
Fig. 9 shows an eighth embodiment of the cooler, 
constructed according to the invention, and com- 
prising two supporting surfaces, each consisting of 

is a tray filled with material and a common chain con- 
veyor. 

In the following description of the figures, the same 
references have generally been used for identical ele- 
20 ments. 

Illustrated in Fig. 1 is a cooler 1 which is mounted 
in immediate extension of a rotary kiln 3 and designed 
for cooling material subjected to heat treatment in the 
kiln 3. The cooler 1 has a material inlet 5 at the kiln 3 : a 

25 material outlet 7 at the opposite end of the cooler, and 
a housing 9 which is made up of end walls, side walls, 
bottom and ceiling. The cooler 1 further comprises a sta- 
tionary supporting surface 11 which is constructed of 
rows of grate elements 12, being separately supplied 

30 with cooling gas from the underside through the tubes 
15. Conveyance of the material through the cooler 1 
across the supporting surface 11 is effected by means 
of a chain conveyor 17 which is running on two chain 
wheels 1 9, 20 in the direction indicated by the arrow 21 . 

35 The upper run 1 6 of the chain conveyor 1 7 is carried on 
the supporting surface 11 and will, during operation, 
convey the lowermost part of a material bed (not shown) 
on the supporting surface in the direction towards the 
material outlet 7. The lower run 1 8 of the chain conveyor 

^0 17 simply remains freely suspended during the move- 
ment from the chain wheel 20 to the chain wheel 19. 

During operation, a continuous flow of material, 
such as clinker, is discharged from the rotary kiln 3 and 
conducted to the cooler inlet 5, from which it falls down 

45 and forms a material bed on the supporting surface 1 1 . 
The thickness of this material bed is controlled by means 
of the chain conveyor 17. Via the tubes 1 5 and the grate 
elements 13, cooling gas is blown up through the mate- 
rial bed which is thereby cooled, whereas the cooling 

50 gas is correspondingly heated and directed substantial- 
ly to the rotary kiln for utilization as combustion air, but 
it can also be used for other purposes. 

The grate elements 13 may be constructed like the 
grate element 1 3 shown in Fig. 2 and forming the subject 

55 of our International Patent Application No. PCT/EP 
93/02599. The grate element 13 shown in Fig. 2 is 
shaped in the form of a box, between the walls 31 of 
which a number of grate surface-forming grate bars 33, 
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34 are arranged in relation to one so that they form be- 
tween them tine gas slots 35. The grate bars alternately 
consist of bars 34 having a substantially rectangular 
cross-section and bars 33 having a cross-section sub- 
stantially of the form of an inverted T, where the rectan- 5 
gular bars 34 overlap the transverse sections 36 of the 
T-bars 33, each of these sections being provided at the 
free end with a projecting, longitudinal bead 37, and 
where each of the rectangular bars 34 at the sides facing 
the T-bars 33 are correspondingly provided with de- io 
scending, longitudinal beads 38. 

However, as will subsequently be explained with 
reference to Fig.9, the supporting surface may also con- 
sist of a number of trays. 

The cooler 1 shown in Fig. 3 corresponds to that is 
illustrated in Fig. 1 except that in this embodiment the 
upper part 16 of the chain conveyor 17 is elevated rel- 
ative to the supporting surface 11 , in that, when moving 
across the surface : it is carried on separate rails 23 
which are placed at a distance above the supporting sur- 20 
face 11 . This involves that a small, substantially station- 
ary material bed will be left under the chain conveyor 1 7 
during operation, hence protecting the supporting sur- 
face 11 against wear from the moving material bed. 

The cooler 1 shown in Fig. 4 corresponds to that 25 
illustrated in Fig. 1 except that the conveying device in 
this embodiment comprises a scraping system 41 which 
comprises a number of scraping elements 43 which ex- 
tend transversely to the direction of movement of the 
material, and having in the shown example a triangular 30 
cross-section and moving to and fro in the direction of 
movement of the material, as indicated by the arrow 47 
by means of a not defined driving means 45, 46. 

The cooler 1 shown in Fig. 5 corresponds to that 
illustrated in Fig. 1 except that the conveying device in 35 
this embodiment consists of a number of screw convey- 
ors 51 extending in the direction of movement of the ma- 
terial, as indicated by the arrow 51 , and rotating around 
separate axes as indicated by the arrow 55. 

The cooler 1 shown in Fig. 6 corresponds to that *o 
illustrated in Fig. 1 except that it is divided into a first 
section 61 and a second section 63 by a wall 65 which 
is suspended from the ceiling transversely to the direc- ■ 
tion of movement of the material. With this wall it is ob- 
tained that the material bed in the first section 61 of the 
cooler 1 is dammed up, and has the greatest thickness, 
thereby increasing the counterflow-cooling effect in this 
part of the cooler. 

The cooler 1 shown in Fig. 7 corresponds to that 
illustrated in Fig. 1 except that it further comprises an so 
inclined grate surface 71 which is located immediately 
at the cooler inlet 5 and not having any appertaining con- 
veying device. This grate surface 71 is constructed of a 
number of grate plates 73 being substantially of the 
same type as the grate elements 1 3, and each of which 55 
is provided with through-going slots or holes for injection 
of cooling gas through the material from an underlying 
chamber in order to obtain a certain pre-cooling of the 



material before it reaches the supporting surface 11 of 
the cooler. 

The cooler 1 shown in Fig. 8 is a modification of the 
cooler illustrated in Fig. 7, and, as compared to the latter, 
it further comprises an additional supporting surface 81 
in series with the first supporting surface 11 , otherwise 
being of the same design as the cooler shown in Fig. 7. 
Further, a material crusher, e.g. in the form of a roller 
crusher 83, is installed between the two supporting sur- 
faces 1 1 and 81 , so that the material can be comminuted 
to a certain extent, thereby obtaining improved cooling 
of the material on the additional supporting surface 81 . 

In principle, the cooler 1 shown in Fig. 9 corre- 
sponds to the cooler illustrated in Fig. 1 except that each 
of the stationary supporting surfaces 11 consists of a 
tray 91 having the form of a rectangular box with : a sub- 
stantially imperforate bottom wall, and side and end 
walls, and which contains, during operation, a quantity 
of the particulate material 93 which is to be cooled. Fur- 
ther, a number of tubes 95 with, preferably downwardly 
facing, holes for injection of cooling gas into the material 
93 are fitted at the bottom of each tray. As it appears 
from the shown embodiment, the cooler has two trays 
91 , of which one is placed under the other in such a way 
that the material 93 which is scraped off the upper tray 
by means of the conveying device falls down on the un- 
derlying tray for additional cooling thereon. As shown, it 
is thus possible to convey the material forward across 
both trays 91 by means of one and the same conveying 
device. 

When not incompatible with the invention, the Fig- 
ure 9 embodiment may be modified by the inclusion or 
substitution of elements of the other embodiments, such 
as the grate bars 33,34 for one of the supporting surfac- 
es 1 1 ,81 ; or the conveyors 41 or 51 ; or the wall 65. 

Means, such as the conveying device itself, or sep- 
arate transport means, may be provided for transporting 
cooled material back to the inlet and on to the surface 
11 . Thus a lower run of the chain conveyor might be ar- 
ranged to drag and lift some of the material from the low- 
er surface 81 back up to the upper surface 1 1 . For the 
chain to do this it might comprise buckets or lifters, or it 
might run inside a semi-circular channel provided 
around the chain wheel 19. Another way could simply 
be to provide an elevator at the end of the supporting 
surface 81 , lifting some of the cooled material to a hop- 
per, e.g. provided in the room under the inclined grate 
71 , in Fig. 9, from which hopper a layer of cooled mate- 
rial with a predetermined thickness is conveyed into the 
cooler for covering and protecting the chain against hot 
clinker material. 



Claims 

1. A cooler for cooling particulate material which has 
been heat-treated in an industrial kiln, such as a ro- 
tary kiln (3) for manufacturing cement clinker; the 
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cooler comprising an inlet (5), an outlet (7), end 
walls, side walls, a bottom and a ceiling; at least one 
stationary supporting surface (11) for receiving and 
supporting the material which is to be cooled; 
means (13,15) for injecting cooling gas into the ma- 5 
terial at a plurality of positions along the supporting 
surface; and at least one separate mechanical con- 
veying device (41 ) for conveying the material along 
the supporting surface, characterised in that the 
conveying device is a reciprocating scraping sys- 10 
tern which comprises a number of scraping ele- 
ments (43) extending transversely to the direction 
of movement of the material, which elements are 
moved to and fro in the direction of movement of 
the material. 15 

2. A cooler according to claim 1 , wherein the elements 
(43) have a triangular cross section (in vertical 
planes parallel to the direction of movement). 

20 

3. A cooler according to claim 1 or claim 2 : wherein 
the pushing surface of each element, facing in the 
direction in which the material is moved, is vertical. 

4. A cooler according to any one of the preceding 25 
claims, which is divided into a first and second parts 

(61 ,63) by means of a damming wall (65) suspend- 
ed from the cooler ceiling and extending transverse- 
ly to the direction of movement of the material. 

30 

5. A cooler according to any one of the preceding 
claims, which comprises an additional, substantially 
inclined grate surface (71) which is located at the 
cooler inlet (5) and without any appertaining con- 
veying device, and constructed of a number of grate 35 
plates (73) each of which is provided with openings 

for injection of cooling gas up through the material 
on the grate surface from an underlying chamber. 

6. A cooler according to any one of the preceding 40 
claims, which comprises at least two supporting 
surfaces (11 ,81 ) in series each being provided with 
means (13,15,95) for injecting cooling gas and a • 
conveying device (1 7,41 ,51 ). 

45 

7. A cooler according to claim 6, wherein a crushing 
machine, such as a roller crusher (83) is installed 
between two of the supporting surfaces (11 ,81). 

8. A cooler according to any one of the preceding 50 
claims, further comprising means for transporting 
some of the cooled material back to the cooler inlet 

to protect the conveying device from hot clinker 
from the kiln. 

55 
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